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Summary
Background: Sickle cell disease (SCD) is considered the most frequent cause of stroke in child-
hood. According to the STOP (stroke prevention trial in sickle cell anemia study) criteria,
patients with abnormal values (>200 cm/s) of time-averaged mean velocities of maximum blood
ﬂow (TAMM), detected by transcranial Doppler sonography (TCD), should undergo blood trans-
fusion in order to reduce the risk of ischemic stroke. However, patients with normal TAMM might
harbor silent strokes on magnetic resonance imaging (MRI) scan. Our aim was to verify whether
SCD patients with normal velocities but with a signiﬁcant side-to-side asymmetry of TAMM are
more prone to develop silent strokes.
Subjects and methods: Thirty-one consecutive SCD patients, (15 females; mean age: 9.23± 3.66
years), categorized as ‘‘normal’’ according to the STOP protocol (<170 cm/s) and without a
history of blood transfusions and TIA/stroke, underwent a cerebral MRI scan and complete TCD
evaluation in order to detect signiﬁcant asymmetries in the main intracranial arteries. Then, we
subdivided this cohort into two groups according to the detection of TAMM asymmetry: ‘‘normal
and symmetric’’ (NS), ‘‘normal and asymmetric’’ (NA).
Results: We found 13/31 patients (41.9%) harboring a signiﬁcant TAMM asymmetry (NA group),
while brain MRI detected silent ischemic lesions in 13/31 (41.9%) patients. No signiﬁcant differ-
ences were found between NA and NS regarding silent strokes frequencies (Chi-square test with
continuity correction, 2 = 0.598), lesion number (t-student test, p = 0.09) and lesion burden
(t-student test, p = 0.227).
Conclusion: According to our study, TAMM asymmetry is not a signiﬁcant predictor of silent
cerebral ischemia.
© 2012 Elsevier GmbH.
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s under CC BY-NC-ND license.ickle cell disease (SCD), is a hematologic disorder caused
y an autosomic recessive inherited mutation in the
emoglobin genes (HbS), is considered the most frequent
emoglobinopathy in the world, with a peak incidence in
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Table 1 Baseline characteristics and MRI ﬁndings of SCD patients.
NA (13) NS (18) Total (31) p valuesa
Age (mean± SD) 8.80± 2.59 10.62± 4.15 9.23± 3.66 ns
Sex (males/females) 6/7 10/8 16/15 ns
Patients with ischemic lesions (%) 6 (46.2%) 7 (38.9%) 13(41.9%) ns
Number of lesions (mean± SD) 3± 1.55 7.85± 6.41 5.61± 4.28 ns
Range of number of lesions 1—20 2—10 2—20 —
Dimension of lesions (mean± SD) 8.62± 6.16 6.33± 4.71 7.56± 5.44 ns
Lesion burden (mean± SD) 631± 275 289± 118 473± 344 ns
MRI =magnetic resonance imaging, SCD = sickle cell disease, NA = SCD patients with ‘‘normal and asymmetric’’ TAMM values, NS = SCD
patients with ‘‘normal and symmetric’’ TAMM values, SD = standard deviation, NS =Not Signiﬁcant.
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bTests the probability of a difference between NA and NS usin
frequencies.
he African population. SCD is reported as the ﬁrst cause
f stroke in childhood; children with homozygous HbS genes
ave a yearly ﬁrst stroke risk of approximately 0.5% [1].
According to the STOP study (stroke prevention trial in
ickle cell anemia) [2], the stroke risk in these patients
ould be predicted by TAMM (time-averaged mean of
aximum blood ﬂow) velocities detected by transcranial
oppler sonography (TCD) in the major intracranial arter-
es. Patients are categorized as ‘‘normal’’ if TAMM is
170 cm/s, ‘‘conditional’’ if TAMM is between 170 and
00 cm/s, ‘‘abnormal’’ if TAMM is >200 cm/s. Children with
‘abnormal’’ values are at the highest risk of stroke and are
dvised to undergo blood transfusion, in order to reduce that
isk.
However, there are many reports of SCD patients with
‘normal’’ TAMM velocities harboring silent strokes at MRI;
he prevalence of these lesions is higher than in the normal
opulation [3,4]. For this reason, we conducted a study to
nvestigate whether the detection of a signiﬁcant side-to-
ide asymmetry in patients with normal TAMM values could
dentify those subjects, which are more prone to develop
ilent strokes.
ubjects and methods
e enrolled in this study thirty-one SCD patients (15
emales; mean age: 9.23± 3.66 years; age range: 4—14
ears), previously categorized as ‘‘normal’’ according to the
TOP protocol, which never received blood transfusions, and
id not have a clinical history of TIA/stroke.
A complete TCD examination was performed by an
xperienced neurosonographer, in a quiet atmosphere and
ithout pharmacological sedation, using a 2MHz pulsed-
ave Doppler probe (Viasys Healthcare, Model Sonara) to
xplore the major intracranial arteries through the tempo-
al bone-window: TAMM velocity was recorded bilaterally
n the middle cerebral artery, anterior cerebral artery and
osterior cerebral artery and stored on a database. Ofﬂine
ide-to-side comparison of TAMM values allowed detecting a
igniﬁcant asymmetry, as deﬁned by Zanette et al. [5].All patients also underwent brain magnetic resonance
maging (MRI) by means of a 1.5 T MR scanner (Achieva,
hilips, Best, the Netherlands). The study protocol included
xial ﬂuid attenuated inversion recovery (FLAIR) sequence
b
i
s
re t-student test for continuous variable and chi-square test for
repetition time 11,000ms; echo time 140ms; inversion
ime: 2800; echo train length 53; ﬂip angle 90◦; ﬁeld of
iew 230mm; matrix 256× 256; slice thickness 5mm; inter-
lice gap 0.5mm; number of averages 2) to disclose ischemic
esions. Lesion area was manually traced on all images by a
euroradiogist with experience in pediatric neuroradiology
n a dedicated console and software (Medstation). Lesion
urden was calculated according to the following formula:
otal lesion area× (slice thickness + interslice gap).
We categorized our cohort of patients into two groups
ccording to the detection of TAMM asymmetry: ‘‘normal
nd symmetric’’ (NS), ‘‘normal and asymmetric’’ (NA).
esults
signiﬁcant TAMM asymmetry (NA Group) was observed
n 13/31 patients (41.9%). Silent ischemic lesions were
etected in 6/13 (46.2%) NA and 7/18 (38.9%) NS patients.
o signiﬁcant difference was found in silent stroke rate
Chi square test with continuity correction, 2 = 0.598),
esion number (t-student test, p = 0.09) and lesion burden
t-student test, p = 0.22) between the two groups (Table 1).
iscussion
ccording to this study, TAMM asymmetry does not seem
o be a signiﬁcant predictor of silent cerebral ischemia as
valuated by brain MRI; in particular, it does not have a prog-
ostic value in terms of silent stroke rate, lesion number and
esion burden.
Furthermore, this study conﬁrms the high prevalence of
rain ischemic lesions (>40%) in so-called ‘‘normals’’ and
nderlines the importance of stroke prevention even when
CD ﬁndings are within a normal range.
The lack of association between TAMM asymmetry
etected by TCD and MRI ﬁndings might be related to
he pathogenesis of ischemic stroke in sickle cell dis-
ase. Even though an increase in TAMM velocities has been
roven to be a predictor of ischemic stroke, the site of
rain ischemia does not correlate with the vessel in which
lood ﬂow velocity was found to be increased. This ﬁnd-
ng suggests that factors other than major cerebral artery
tenosis concur to determine brain ischemia [6]. In fact,
heological or hemodynamic impairment might undermine
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parenchymal lesions. A recent study pointed out that SCD
patients have an impaired cerebral blood ﬂow autoreg-
ulation compared with age-matched healthy subjects,
independently from their hemolysis rate [7]. Furthermore,
small vessels disease might play a role in the stroke patho-
genesis of these children.
Side-to-side asymmetry of blood ﬂow velocity is a com-
mon ﬁnding during TCD examination of the major arteries,
both in adult than in children, but it is considered patholog-
ical whenever velocity values lie outside a standard range
[8]. Nevertheless, a recent study indicated that SCD patients
have a slightly wider physiological range of blood ﬂow veloc-
ity values than normal children [9]. Furthermore, since
SCD patients harbor a widespread tortuosity of intracra-
nial vessels [3,4], a signiﬁcant TAMM asymmetry might just
represent this anatomical variation and not necessarily a
pathological ﬁnding.
Finally, we have also to consider some of the limits
related to the TCD equipment: different location of the sam-
ple volume and/or angle of insonation when recording from
each side; in fact, in children the temporal acoustic window
is larger than in adults, allowing the operator to insonate
the artery from different angles with potential measurement
errors [9].
In conclusion, TAMM asymmetry does not seem to be use-
ful in predicting silent cerebral ischemia in patients with
SCD. Moreover, the presence of silent strokes in over 40% of
‘‘TCD normal’’ children suggests the urgent need to ﬁnd a
reliable predictor to detect those among them who are at
risk for silent stroke.
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